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PREFACE

This supplement to the Final Report for Phase II was prepared by RCA

Laboratories, Princeton, New Jersey under Contract No. N00014-83-C-0524 for the

Naval Medical Research and Development Command, Bethesda, Maryland. The work on

Phase II was performed from July 1, 1984 through March 31, 1985 at the RCA

Microwave Technology Center, Dr. Fred Sterzer, Director. The program was super-

vised by Markus Nowogrodzki, Head of the Microwave Subsystems and Special

Projects Group. The Project Scientist was Robert W. Paglione, Member of the

Technical Staff, with technical support provided by Francis J. Wozniak and

Eugene C. McDermott.
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I. INTRODUCTION

A full description of the m\\rowave radiometer is given in the Final

Report-Phase II previously submitted."' This report presents the data that was

measured clinically on one patient, and a detailed operating manual for the

instrument.

II. CLINICAL EVALUATION OF THE PROTOTYPE RADIOMETER

The prototype radiometer was used to evaluate a patient with acute

appendicitis.symptoms at the Hospital Center at Orange, Orange, NJ on October

31, 1986. The chart for this patient is shown in Fig. 1.-' The skin temperatures

were normal and uniform in all four quadrants. The radiometric temperatures

were elevated in the lower quadrants with the highest temperature being recorded

in the lower right quadrant. A burst appendix was found at the time of surgery,

(refer to the operative report in Fig. 2) and an appendectomy was performed.

The excised specimen was sent to'pathology and their findings are shown in Fig.

3.

III. INSTRUCTIONS FOR USING THE RADIOMETER

The portable radiometer system includes the prototype radiometer, a battery

pack, and a tuning screwdriver as shown in Fig. 4. PLEASE NOTE! The thermistor

that is used to monitor the surface temperature is mounted on the front surface

of the antenna assembly as shown in Fig. 5. This is a very fragile assembly

that protrudes beyond the surface of the foam sheet that covers the antenna.

-* The protective cover supplied with the radiometer should remain on the antenna

enclosure at all times when the unit is not in use, and when using the unit care

should be taken so as not to shear the thermistor off as the radiometer is being

moved around on a patient.
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The radiometer power supply cord should be connected to the battery pack as

shown in Fig. 6. PLEASE NOTE! The red terminals on the cord and battery should

be connected together.

To measure a patient with the prototype radiometer, proceed with the

following steps:

Step 1. Have the patient lie down on their back on a comfortable surface

and expose the four quadrants for a measurement.

Step 2. Press the face of the antenna on the front of the radiometer

against the left upper quadrant of the patient so that the tissues

of that quadrant are touching all surfaces on the front of the

antenna housing.

Step 3. Squeeze the trigger on the pistol-grip handle of the radiometer to

enable the measurement sequence. A blinking cursor will appear in

character position #1 on the liquid-crystal display on the rear

face of the radiometer as shown in Fig. 7. The cursor blinks for

up to 45 seconds until the radiometric voltage comes within the

range of the linearizing equation in the microprocessor. The

display then clears and the surface temperature and radiometric

temperature are displayed, as shown in Fig 8 The microprocessor

software is listed in the appendix.

Step 4. Insert the male end of the adjusting screwdriver into the hole in

the cover of the radiometer enclosure and engage the screwdriver

slot in the potentiometer beneath the hole (Fig. 9).

Step 5. Adjust the potentiometer (ccw increases temperature) until the

radiometric temperature for the upper left quadrant indicates ap-

proximately 35.00C.
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Step 6. Move the radiometer in sequence from the right upper quadrant, Ti,

to the right lower quadrant, T4, repeating steps 2 and 3.

Step 7. Record the data on the patient's chart.

IV. BATTERY CHARGING

A battery charger has been supplied for recharging the 12V, 3.2Ah battery

pack. To recharge the battery: 1) remove the cable connecting the radiometer to

the battery pack; 2) plug the battery charger into a standard 11OV, 60Hz single

phase line; 3) connect the battery cable on the battery charger to the battery

pack; 4) charge for a minimum of 5 hours; 5) disconnect the battery cable from

the battery pack; and 6) unplug battery charger from the AC line. NOTE: It is

important to follow the above sequencing or the battery charger may be damaged.
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V. APPENDIX

[,;R START

~ L R: [3 T", A R T

: _' SE F' 0 _ _
3E0 F F

- ')FF T R AR

i'" I' -9

i r <'.

R A3111 P H I R B'

.. FHI RC-. J''PHI RB

PHI RD-
LfI 02H ;R2 AIIDRESS=0402H :.'::CCUMLLH I .

7L0 R2
LI OZH ;R3 A)IRESS=0403H .:::4T U

;: F 1._l R -

LD [ 04H ; R4 AiRESSS=404H . J:C T L,
F L Q R 4

LD I 5H ;R5 A))URESS=O4O5H -:.:::NOT i .....
' P'L 0 R 5

" , ~ ~~ ItDI OEM ;R6 ADDRESS'=O40BH-:,:TC\:.

"," E < i., (6 .;LSET STACK_ TO R,
151H ;R7 AEiRESS =41 iH F',

*" -" 1 4H RS ALITRESS=O4 1 4H . 3E7EI_ 'XL >:

; Y, -- RESSz041 '

r Eri ! 1 '

C_- 19H PB AEiF S=('41;'H Ei.l,

PLI '

t'I H F' 11 F-E7'.2

1 2.- :-.I iI: _"__-,_.___, _F'!. RC
).H ;.-'.'; T 11 RES'.-- , ( H F, S

00H i] ArRS3

*4." *: L DI OOH ;fSF , iF A L -:N i.

5..jjii



OH
" F'PL ' R F
x, ;'.Y',_M , I T 1AI_[ZATI7 fN

;SEr GUjCFLIV L-ATCH TO ,oo,:: ,9~ E CL

OUT *

L.,I L OH ;RESET DISF'LA i
STR RF
SEP RE
LDEI 0t H ;CLEAR D'ISPLAY
STR F- r--, RE

L-1 I ODH TURN D ISF'L.A f ON
9r R R F

EF RE
09H SET BLINKING CU''F,'

:" T';, RF

RE
C FH TURf N "I' " ..... 1:i'-,

.DZ I0OH 9SET RA, F_OR ,j , (IH'L

'TR R2 ;INITIALIZE ACCUMIUAT F-

S'DEC R2
STR R2
Lr 08H ;SET LOOP CNFR TO 8
STR RD

. . RED ;SET LATCHING SWITCH , r i4kI. ":
* LDI .OFH 'EXECUTE DELAY

,2 STR Rs
"" EF' RE

LDN R8
-: £rm OIH _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

B Z F'T3
B F,, PT2

". ,FIMEASIJREMENT LOOP FOR MUX CHNL #1
LDN RA ;SET INPUT MUX TO CHNL.
AD I 04HG ;GIVE A-TO- CONVERT :iiMMNU

E:C R6 ;SET CD40257 OJTF'L.T3
STR R6

DECN
" :L N PA___________
i ': I A]r' P6tSTRR

' ... ST R' R 6

OUT 1
_ :" :""NOF'

4 OUT 1
i 'iSEE IE.

INF' 2 ; INF'U A-TO- B 1 r' L. .

___ i q I OFH ;MASK OJT E i:T' 5--...
112 STR R7 ;SfORE li.N R7

ELL *L ! A ;SET gd-.' ' - j.l i"'.
R P6 6

: ' " ,I " ', " ..; ., . t *r . - ..,- ' ,.. . ,.,., '.',',,.#. 4 € ... .," . . . 4 , - ' . .". ',',- ' ,j,.. " .,



W1

.:')OUT 1
_ .,E PRP E

'4 ~ ~~ [NF' 12,14F'UT A-T -£ 0I' f, ,',> -" E,. I. T."

DEC R7
'TF iR 7 ;SJoRE T4 RT-1

. -.4 LDN R7 ;IF N4 K )A7FHT RE-EAD '4
M SI 7FH

INC R7
LDN R7
3MElI OAH

,* BM FT3

LEIN R'7; ADE' R7 TLO ACCUJMULA 'i:R
DEC R6
STF. R6
[:EC R7
LDN R7
DEC R6

:_ ST: R6

i NC R2LDN P
i RX

• * ': LEI]N R 2

• :STR R2
IRX

LEN RD BECREIM-*Nr LOOP CNTR
S iM 01H
BZ PT4 ;CHECK IF DONE
STF.' RI

," ... :_________7
IEC P2

E LOCH ;EXECUIE DELAY
8 R FPT2

:7 LDI 03H ;DIVIDE SUM BY 8
[ ",,.,S TR RDI

LljN R2

HR
T RE 2

LDN F'IR C

:rIN RI ;CHECK IF D-ONE
: [O1H __________________ _

,S RNC R2

B R F'T 5
. LDN R2 ;STORE AVG IN R7

S T3 PT R7

INC .2
__ _ _ ___,_ INC P7

-11

7 *%ME A*EM ENT LOOP FlUP MIJx CHNL 2 3 AND 4.

."LI 0H ;SET LOOP LNFRTU 3
SR .- 7



I IV 5 1wC

DEC R 7
.FT 2 INA ;SET NEW MIJX CHOL

SMT LOH.. -.. T
_E.2- NZ F'T8 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

LD I OH
i i:: ."P R F'T 9

PT 3

STR RA-- 1OH

_. _ LDN RA ;SET INf'UT MUX TO CHNL .'., U, 4
AM 04H ;GIVE A-TO-D CONVLRT IfUMrmiNi

DEC R6 ;SET C040257 IJ F'U rS
STR R6

"P ' "::LEIN R A' A'i I 01 H
. _ .LE t4_

R L.6

,it. 1 I
R 6

O . _ _+E2:' RE
-.. . . 1 fFT 1

S"NOF'
OUT 1
SEP RE
INF' 2 ;1NFUF A-TO-f BITS 5,6.7.8..'
,N[ OFH MIASN OUT ,ITS 5-8

. SR R7 ;STORE IN R7
LDN RA ;SET CDt40257 OUFPUFS

n- Tl , R6,

EFP .. . ,E .. .--. " ,.'DECR7

9' , P60iINF

13 R RT -.7P ;SOEIN R7-1

Rt Di _N0*"_ _____

R D

c...'.~ ~ F. :,. F' I

*' • • i ' rr. __F LIr' ~ 0i Er EfY: T 7
" L _'_"q __

ar_

R kc

D E C PC2

-- - K: -JRFq .:i- : Rr ! :,

.- *c*[*R*%..'%W,.$ .. 1 0 ,.F"1 H

O! _ C ..... g_ _



-.1'

r OCH ;IN T LC; J CL',iL F"-

\R pEO (R -4 ,2-, i
SDEC R 2

': r,' R2

', ~~ ~ 1.. ,! ,) 2 H ; D 1 V I f E N ! i x .'J t A

: R 7- CI '-1 L F ,

L~~~ ~ (3:' C;' N -S-;[ L 5

S T R' 6LDI O i !-

j T 6

rI-C, H
L_,, R6

s SR R6

SUT 7

k; F_9 T IF'LY UL E N T

L.IE O-,H, 15 U T '

r% %

' :N:",5;S 01.'-7 REH r:EE [ F .'
t :";'% F'9



3 _ 7 R R~ ; To~ f:1 rrz
INF 5

.. .. DEC R El

ST RBE ,STOkE L b OF" PRO[IJLT 4,, FE-

LE:Il OF H ;iULTI-Lr REMAINDEF '  £:Y _J--.
' ": "DEC R6

SOL:STR R 6

INC R__
INC RB
LDN RB ;LOAD REMAINDER
DEC R6

. STR R6
LDN RC ;LOAD CONS'AN*

" ...'[lEO R6

STR R6

L_ I OFCH
DEC R6
S TR R
OUT 7

_ OL T 4

OUT 7

L.D OF2H ;DIVIDE F'RuDUC'r BY , CONST , 1

' .""DEC R6
STR R6
DEC RC
LEIrN RC ;LOAD CONSTANT
DEC R6
STR R6

-.INC RC

LDI OFOH

OUT 7
. " -'OUT 4
.:f3 '?,OUT 7

LIII OFOH

DEC R6
STR R6
OUT 7
LDT OOH

44 DEC R6
S -STR R6

DEC R6
47 IN5

., DEC RB ;ALI[I C4UOTIIENT TO PREVOIUS ;-'-L,

DEC RB
LIN RB ;LOAD LSH OF QUOTIENT

3 51 ADD
STR RB

t54 INC RB
I- 5_ IRX

LDN RB ;LOAD MSB OF QUOTIENT
__ _?5 AD[IC

373 STR RB
3A_95 ; RX_ .6 0 ; "10-

. " " ' (::'Z'r "':,4WIL , 4- -. 2:' ' , '.17 .& .,7 -;<, :L '): ,. .- '



I LAN;AI R ESI...)LT TI1 ACCUM W._-AT 0k r,(ET ,:E ::
DEC R6

7 STR R6
DEC R2
LEN R2

-, .... DEC R6
767 STR R6
,763 DEC RB
_59 LDN RB

I-) ADD
" _ .STR R2

2 INC RB
INC R2

"7 T IRR
S"LDN RB

DEC R6

LEIN RC ;LAD FINALF CONSTANTTJ~L

ADC .
STR R2
INC R2

; '? IRX

' -I LDN RC ;LOAD FS OF CONSTANT

.iC 7ADD

STR R2

-. EC R2 DIGITS
DEC R6
STR R6
LDN RC LOAD MSB OF CONSTANT

3?DEIC R6

'=' DE C R 2

'.4 L1DN RC2L~qMB FCNTN

STR R2
'4 ? I RX

"/ . ; * CtNVERT TO DECIMAL DIGITS
" LDI OF2H ;DIVIDE HEX NO. BY 100(.A .

DEC R6
STR R6

- LDN R2

-- ItDEC R6

4 4 STR 'R6
DEC R2

VC,: L DiN R 2
-'""DEC FPS

STR R
. .LOI 4H

4 7, DEC 5
4 11I STR R6
• 1 LDI OFCH

t DEC P6
4 i4 STR "6---

4t5 OUT 7
4t[.: OUT 4

413 OUT 6
* 419 OUT 7
- 40 LDI OFOH 1l



DEC R6

42- STR R6
OUT 7

AINP 5
INC P2
STR R2 ;STORE MS DEC. DIGIr IN R2

4 INP 6
DEC R2

4.1 STR R2 ;STORE REMAINDER IN R2-1
1.! LDI OF2H ;D1VIDE REMAINDER BY IO(OAH)

DEC R6
STR R6
LEN R2
DEC R6

.: "S T" r R 6

LDI OAH

5.h'EC R6
• .:STP R6

=%;, : :: I..l T OFCH ..
~ -(!E- R6

T .:. q R R6-

OUT 7
.. '"J_0U T_ 4 _ _ _ _ _ _ _ __ _ _ _ _ _

.r .:.1 UT 5

OUT 7
.: ,LDI OFOH
47 DEC R6

STR R6
OUT 7

' 4, INP 5
. STR R2 ;STORE 2nd DEC. 1IG(I" IN R2-1

-" INP 6
DEC R2
STR R2 ;STORE LS DEC. DIGIT IN 2
INC R2
INC R2

.- (:['ISF'LAY ASCII DIGITS
LDI OOH ;DISABLE CDF'1855
DEC R6

,,,:,STR R6

OUT 1
LDI OEH ;TURN BLINKING CURSOR OFF
STR RF

:SEP RE
LDI 20H ;EiIsSPLAY 3 SPACES
INC RF

.1 d, 7S T R RF

SEP RE
-- _ -_ ': ;___ . l I 20 H

* . '___ SEF' RE____ ____

- 72LD I 20HSTR RF ______

4'4 SEP RE
11 ,I S LDN R2 ;LISPLAY MS LIEC. DIGIT
. A ADI 30H
-77 STR RF

-' SEP RE
4_ DEC P2 ;DISPLAY 2rd DEC. UitGT
4 2 0 LDN 2 12



40 1 AIIl 30H
4STR RF
4R ~ SEP RE
4,4LDI 2EH ;DISPLAY DECIMAL POINT

STR RF
SEP R E

4W' - DEC R2 ;DISPLAY LS DEC. DY~GIT
43q8 LDN R2
489 ADI 30H
490 STR RF
491. SEP RE

INC R2
INC R2
DEC RF
LDN RD;DECREMENT EUN owrp
Sii 01H

B zPT 1-2 ;CHECK IF DONE
S TR RDf
LEII OF-3H 4LOAD 4 (3Hz COJNSTANTS

Rc

nEc RC
T _____ RC

Llil 2}iH
DEC RC
ST R RC
LDI 24H ___

DEC RC
STR RC
INC R7
LEBR PT11

lC LDI OOH ;SET RA FOR MUX CHNL 1
STR RA
LDI 08H ;SET LOOP CNTR TO 8

STR RD
LDI OOH ;INITIALIZE ACCUMULATOR

_ STR R2___

DEC R2

LDI 02H ;SET CURSOR TO HOME
~TU1S-R RF

*SEP RE

L P PT

13



FIGURE CAPTIONS

Fig. 1. Chart for the patient measured with the prototype radiometer.

Fig. 2. Operative report for the patient measured with the prototype

radiometer.

Fig. 3. Pathology report for the patient measured with the prototype

radiometer.

Fig. 4. Photograph of the portable radiometer system.

Fig. 5. Photograph showing the location of the surface thermistor.

Fig. 6. Photograph showing the proper connection of the radiometer power

supply cord to the battery pack.

Fig. 7. Photograph showing the blinking cursor in character position #1 on

the liquid-crystal display.

Fig. 8. Photograph showing the display of surface and radiometric

temperatures.

Fig. 9. Photograph showing the adjusting screwdriver in the hole in the cover

of the radiometer enclosure.
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Patient: Date: 31 Oct 86

Hospital: HCO Physician:
Diagnosis: Acute Appendicitis

Comments: 3 cm of abdominal fat seen at time of surgprv

/ Right Lef t

Upper Upper

Quadrant Quadrant
Right Left

R Side TI T2 Side
Right T5 T7 Left
Back T5 T7 Back

-T6 _____ Right Left T8
Lower Lower

Quadrant Quadrant

T4 T3

Radiometric Temperatures Skin Temperatures

ToT T 5.5 T235. 7 L TaTa T3 T,31. r232.0 77L1

T438.I 1336.7 T4 2. 32.0

Pathology:

Fig. 1. Chart for the patient measured with the prototype radiometer,
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~~THE ' .-6SPITAL
CENTER

at ORANGE P

PREOPERATIVE DIAGNOSIS: ACUTE APPENDICITIS.

POSTOPERATIVE DIAGNOSIS: ACUTE GANGRENOUS APPENDICITIS WITH PERITON-
ITIS.

OPERATION PERFORMED: EXPLORATORY LAPAROTOMY, APPENDECTOMY WITH
DRAINAGE OF PERITONEAL FLUID.

SURGEON: Dr. Patel DATE OF SURGERY:
ASSISTANT: Dr. Monteagudo

FINDINGS: This patient had acute appendicitis with peritoneal fluid into
the right gutter as well as the cul de sac. No other abnormality was found.

TECHNIQUE: Under general anesthesia the patient was prepped and draped in
the usual sterile manner anda transverse incision was made which was
carried through the subcutaneous tissue. Hemostasis was achieved by electro-
coagulation. External oblique aponeurosis was split in the direction of
its fibers ana the internal oblique and transversalis was split in the
direction of its fibers. The peritoneum was opened and as soon as it was
opened, the peritoneal fluid was gushing out of the wound which was obtained
for culture and sensitivity. Aspiration was performed. There was about

200 cc. of purlent fluid, foul smelling liquid was recovered. The appendix
was stuck into the right adnexael area which was difficult to deliver. The
incision was enlarged and it was delivered and removed under directvision,
The mesoappendix was clamped and ligated with #2-0 chromic catgut. The
appendiceal stump was doubly ligated with #2-0 chromic catgut. No attempt
was made to invaginate it. -Appendectomy was performed in this fashion.
The omentum was also stuck and was hemorrhaging initially so it was
clamped and divided with #2-0 chromic catgut. Copious irrigation
was performed in the right gutter and left gutter as well as the cul de sac.
After satisfactory drainage of the peritoneal fluid and pus, the common
viscera was returned to its anatomical position and the peritoneum was
closed by #2-0 chromic catgut in continuous fashion and the internal oblique
and transversalis was closed with purse suture with #2-0 chromic catgut,
Each and every layer was successfully irrigated with Bacitracin solution.
The external oblique was closed in a similar fashion. The subcutaneous
tissues were closed with #3-0 chromic catgut. A Penrose drain was placed
into the subcutaneous tissue and the skin was closed with clips. A sterile
dressing was applied. The patient tolerated the procedure fairly well and
the Penrose drain was secured with #2-0 black suture. Estimated blood loss
about 30 cc. The patient tolerated the procedure fairly well.

S *. "... ' , .

DRP:nac6286-05 DHIRAJKUMAR R. PATEL, M.D.
DZ :-: 12/4/86
T: ,12/5/86 .

-CP=*1AT=VEz REPORT

SFnT A4A. 7/78 16
Fig. 2. Operative report for the patient measured with the prototype radiometer.



Department of Pathology Surgical Pathology - Tissue Examination
Hospital Center at Orange
Orange, New Jersey 07051

GROSS:

The specimen consists of an appendix and a segment of omentum. The appendix
is 7 cm long and the proximal end is 1.2 cm in diameter while the distal end

- is 1 cm in diameter. The serosal surface is reddish-brown and dull and part of
the surface contains some gray friable material. Separate pieces of omental

* fat measures 10 x 3 x 2 cm and is reddish-yellow and indurated. The surface
is dull and covered by some gray friable material.

mg k

MICROSCOPIC:

The appendiceal lumen is filled with neutrophils which infiltrate through the wall.
Part of the wall shows necrosis. The omental fat has fibrinopurulent exudate.

DIAGNOSIS: Acute gangrenous appendicitis with periappendicitis.
Omental fat with peritonitis.

(7)
-

Fig. 3. Pathology report for the patient measured with the prototype radiometer.

*" SURGICAL PATHOLOGY . TISSUE EXAMINATION

Pathologist ¢ v, , ,, Date
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